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(g) High modulus rubber composition. 

@ It is desirable to increase the modulus of rubbers utilized in a wide variety of applications. This 
Invention discloses a technique for preparing high modulus rubber compositions. By utilizing this 
technique, high nrKxiulus can be attained without sacrificing other properties, such as processability. 
The subject invention more specifically relates to a process for preparing a high nrKxiulus rubber 
composition which comprises: (1) polymerizing at least one diacid or diacid halide with at least one 
member selected firom the group consisting of diols and diamines in a polymer cement of a rubbery 
elastomer under conditions which result in the fomriation of a rubber cement having a polyester or a 
pdyamlde dispersed therein ; and (2) recovering the high modulus rubber composition from the mbber 
cement It is highly desirable to make the high modulus rubber composition by Interfacial polymeri- 
zation. 
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HIGH MODULUS RUBBER COMPOSITION 



Background of the Invention 

It is sometimes desirable to increase the modulus 
of rubber compounds. For instance, it is generally 
desirable to increase the modulus of rubber com- 
pounds which are utilized in tire tread base compo- 
sitions and in tire wire coat compounds. A higher 
degree of stiffness in such mbber compositions Is 
conventionally attained by incorporating lai^er 
amounts of fillers, such as carbon black, into the rub- 
ber compounds and/or by increasing the state of cure 
of such compounds. Unfortunately, both of these 
techniques lead to undesirable results. For Instance, 
the incorporation of additional carbon black into rub- 
ber compounds typically leads to high levels of hys- 
teresis. Accordingly, the utilization of such 
compounds in tires results in excessive heat bulid-up 
and poor cut growth characteristics. The utilization of 
high amounts of sulfur to attain a high state of cure 
typically leads to poor aging resistance. Furthermore, 
it is highly impractical to reach high levels of stiffness 
by increased state of cure alone. For these reasons, 
it is not possible to attain the desired degree of stiff- 
ness In tire tread base compounds by simply adding 
higher levels of fillers or curatives. 

Summary of the invention 

The subject invention reveals a technique for 
preparing a high modulus rubber composition. The 
high modulus rubber compositions made by this tech- 
nique are well suited for applications where a high 
degree of stiffness Is desired. 

The subject invention specifically discloses a pro- 
cess for preparing a high modulus rubber composition 
which comprises : (1) polymerizing at least one diacid 
or diacid haiide with at least one member selected 
from the group consisting of diols and diamines in a 
polymer cement of a rubbery elastomer under condi- 
tions which result in the formation of a rubber cement 
having a polyester or polyamide dispersed therein ; 
and (2) recovering the high modulus rubber compo- 
sition from the rubber cement The high modulus rub- 
ber compositions prepared by this technique are 
highly dispersed blends of a polyester or polyamide in 
a rubbery elastomer. Polyamides are fonmed by the 
polymerization of a diacid or diacid haiide with a 
diamine. Polyesters are produced by the polymeri- 
zation of a diacid or diacid haiide with a diol. The utili- 
zation of diacid halides, such as diacid chlorides, is 
generally preferred In the practice of this invention. 
Since the polymerization reaction is conducted in the 
polymer cement of an elastomer, a highly dispersed 
blend of the polyamide or polyester In the rubber is 
produced. The highly dispersed blend of the 



polyamide or polyester in the rubber can be recovered 
In dry Ibrm as a high modulus rubber composition. 
The high modulus rubber compositions of this 

5 invention can also be prepared by reacting a diacid or 
diacid haiide vidth a diol or diamine in the matrix of a 
dry rubber. Such polymerizations are typically con- 
ducted in an extruder or mixer wherein the dry rubber 
Is subjected to shearing forces. Such a process is typi- 

10 cally canied out by (1) mixing the diacid or diacid 
haiide in a first portion of the rubber, (2) mixing the diol 
or diamine in a second portion of the rubber, and (3) 
mixing the mbber containing the diacid or diackl 
haiide with the rubber containing the diol or diamine. 

IS When the diacid or diacid haiide comes into contact 
with either the diol or the diamine, a polymerization 
resulting the formatton of a polyamide or polyester 
occurs. Because the process is carried out within the 
matrix of the dry rubber, a highly dispersed blend of 

20 the polyamide or polyester within the dry rubber 
results. 

The subject patent application further reveals a 
process for preparing a high modulus rubber compo- 
sition which comprises polymerizing at least one 

25 diacid haiide with at least one member selected from 
the group consisting of diols and diamines within the 
matrix of at least one dry rubber to produce said high 
modulus rubber composition. 

The high modulus rubber blends of this invention 

30 can also be made by interfacial polymerization. In 
fact, interfacial polymerization is a highly preferred 
technique for making such high modulus rubber 
compositions. It involves dissolving the diacid haiide 
into a rubber cement (the solution of a rubber in a non- 
35 polar organic solvent) to make an organic phase. An 
aqueous solution is made by mixing the diol or 
diamine with water. It Is normally desirable in the case 
of diamines to add a water soluble base to the 
aqueous solution. In the case of diols, it is essential 

40 to add a water soluble base to the aqueous solution. 
In many cases it is also beneficial to include a surfac- 
tant (including phase transfer agents) in the aqueous 
solution. The interfacial polymerization is carried out 
by mixing the organic and aqueous phases and pro- 

45 viding agitation. 

The subject invention more specifically discloses 
a process for preparing a high modulus rubber 
composition by interfacial polymerization which com- 
prises : (1) preparing an aqueous phase which iscom- 

50 prised of (a) water and (b) a did or a diamine ; (2) 
preparing an organic phase which is comprised of (a) 
a rubber cement and (b) a diacid haiide ; (3) mixing 
the aqueous phase with the organic phase under con- 
ditions wherein agitation is provided and which are 

55 sufficient for polymerization to occur which results in 
the formation of a polyamide or polyester ; and (4) 
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recovering the high modulus rubber composition from 
the aqueous phase and organic phase. 

The subject invention further reveals a process 
for preparing a high modulus rubber composition 
which comprises : (1) dispersing an aqueous phase 
which is comprised of (a) water and (b) a diol or a 
diamine throughout an organic phase which is com- 
prised of (a) a rubber cement and (b) a diacid halide 
at a temperature and under conditions which result in 
the formation of a polyamide or polyester ; and (2) 
recovering the high modulus rubber composition. 

Detailed Description of the Invention 

Virtually any type of elastomer can be utilized in 
preparing the high modulus rubber compositions of 
this invention. The rubbers which are utilized in 
accordance with this invention typically contain repeat 
units which are derived from diene monomers, such 
as conjugated diene monomers and/or nonconju- 
gated diene monomers. Such conjugated and non- 
conjugated diene monomers typically contain from 4 
to about 12 carbon atoms and preferably contain from 
4 to about 8 carbon atoms. Some representative 
examples of suitable diene monomers include 1,3-bu- 
tadiene, isoprene, 2,3-dimethyM,3-butadiene, 2-me- 
thyM ,3-pentadiene, 3,4-dimethyI-1 ,3-hexadiene, 
4,5-diethyl-1,3-octadlene, phenyl-1,3-butadiene and 
the like. The polydiene rubber can also contain repeat 
units which are derived from various vinyl aromatic 
monomers, such as styrene, 1-vinylnaphthalene, 2- 
vinylnaphthalene, annethylstyrene, 4-phenylstyrene, 
S-methylstyrene, and the like. Some representative 
examples of polydiene rubbers that can be modified 
by utilizing the techniques of this invention include 
polybutadiene. styrene-butadiene rubber (SBR), 
synthetic polyisoprene, natural rubber, isoprene-bu- 
tadiene rubt>er, isoprene-butadiene-styrene rubber, 
nitrile rubfc)er, carboxylated nitrile rubber, and EPDM 
rubber. The technique of this invention is particularly 
well suited for utilization in nK)ditying natural rubber, 
synthetic polyisoprene, and cis-1,4-polybutadiene. 

The elastomers utilized in the high modulus rub- 
ber compositions of this invention can be made by sol- 
ution polymerization, emulston polymerization or bulk 
polymerization. It is, of course, also possible to use 
natural rubber in preparing the rubber compositbns of 
this invention. In cases where a dry rubber is used to 
produce the high modulus rubber composition, the 
manner by which the dry rubber was synthesized Is 
not of great importance. However, in the embodiment 
of this invention wherein a rubber cement is used in 
the preparation of the high modulus rubber compo- 
sition, it is preferred for the rubber to be made by sol- 
ution polymerization. In this scenario, it is not 
necessary to recover the rubber from the organic sol- 
vent in which it is dissolved, in other words, the rubber 
cement can be used in the process of this invention 



without first recovering the rubber In dry fonm. By 
doing so the unnecessary steps of removing the rub- 
ber from the organic solvent and redissolving it are 
eliminated. It is also possible to dissolve natural rub- 

5 ber or a rubber prepared by emulsion polymerization 
or bulk polymerization in an organic solvent so as to 
prepare a rubber cement which can be utilized in 
accordance with this invention. 

It is generally preferred for the high modulus rub- 

10 ber compositions of this invention to be prepared by 
synthesizing a polyamide or polyester in the polymer 
cement of tiie rubbery elastomer. It Is most preferred 
for tiie high modulus rubber composition to be made 
by interi'acial polymerization. The polyamide or 

IS polyester is prepared by polymerizing at least one 
diacid or diacid halide with at least one diol or least 
one diamine. Such polymerizatk>ns result In the for- 
mation of a highly dispersed blend of the polyamide 
or polyester within the rubber cement. The organic 

20 solvent in the rubber cement can serve as the solvent 
for the monomers being polymerized as well as the 
solvent for the rubber. However, in many cases it will 
be desirable to employ a cosolvent for one or more of 
the monomers. For example, it is often beneficial to 

25 dissolve the monomers in a cosolvent and then to mix 
the monomer-cosolvent solution into the rubber 
cement. Methyl ethyl ketone, tetrahydrofuran, pyri- 
dine, methylene chloride, chlorofonm, and dimethyl- 
suifbxide are some representative examples of polar 

30 organic solvents which can be employed as the cosol- 
vent. Methylene chloride is a good cosolvent which 
can be used with terephthaloyi chloride monomer and 
pyridine is a good cosolvent which can be used with 
hydroquinone monomer. 

35 Essentially homogeneous solutions of the 
polyamide or polyester and the rubbery elastomer in 
the organic solvent result from such polymerizations. 
Because the rubber cement containing the polyamide 
or polyester is essentially homogeneous in nature, 

40 highly dispersed blends of the polyamide or polyester 
in the rubbery elastomer can be recovered in dry fonm 
from the organic solvent In other words, highly dis- 
persed dry blends of the polyamide or polyester in the 
rubber can be prepared utilizing the technique of this 

45 invention. The organic solvent can be removed utiliz- 
ing conventk)nal techniques, such as coagulation or 
evaporation, to recover such highly dispersed blends. 

The polymer cement can be prepared by 
polymerizing one or more diene monomers In a suit- 

50 able inert organic solvent. The organic solvent utilized 
will normally be a saturated aliphatic hydrocarbon or 
an aromatic hydrocart)on. Some representative 
examples of suitable aromatk: solvents indude ben- 
zene, toluene, xylene, ethylbenzene, diethylbenzene, 

55 isobutylbenzene, and the like. Some representative 
examples of suitable aliphatic solvents include n- 
hexane, cydohexane, methylcydohexane, iso- 
hexane, n-heptane, n-octane, isooctane, n-decane, 
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2,2-dlmethyIbutane, petroleum ether, kerosene, pet- 
roleum spirits, petroleum naphtha, and the like. How- 
ever, It will nonnally be desirable to select a solvent 
which is inertwith respect to the catalyst system which 
will be employed to initiate the polymerization reac- 
tion. 

The rubber cement can be prepared by polymeri- 
zing one or more diene monomers in the organic sol- 
vent. As has been explained, the diene monomer 
utilized can be a conjugated or nonconjugated diene 
monomer. Vinyl-substituted aromatic monomers can 
also be copolymerized with one or more diene mono- 
mers into suitable rubbery elastomers, such as sty- 
rene-butadiene rubber (SBR). 

High cis-1,4-poIybutadlene can be prepared by 
polymerizing 1,3-butadiene monomer In an organic 
solvent in a continuous or batch polymerization pro- 
cess. A three-component nickel catalyst system 
which includes an Inorgano aluminum compound, a 
soluble nickel containing compound, and a fluorine 
containing compound can be utilized to catalyze the 
polymerization. 

The organoalumlnum compound that can be 
utilized has the structural formula : 

Al-R^ 
^3 

In which Ri is selected from the group consisting of 
alkyl groups (including cycloall^), aryl groups, alkaryl 
groups, arylalkyi groups, alkoxy groups, hydrogen 
and fluorine ; R2 and R3 being selected from the group 
consisting of alkyl groups (including cycloalkyi). aryl 
groups, alkaryl groups, and aryialkyi groups. Some 
representative examples of organoalumlnum com- 
pounds that can be utilized are diethyl aluminum hyd- 
ride, di-n-propyl aluminum hydride, di-n-butyl 
aluminum hydride, dlisobutyl aluminum hydride, 
diphenyl aluminum hydride, di-p-tolyl aluminum hyd- 
ride, dibenzyl aluminum hydride, phenyl ethyl alumi- 
num hydride, phenyl-n-propyl aluminum hydride, 
p-tolyl ethyl aluminum hydride, p-tolyl n-propyl alumi- 
num hydride, p-tolyl isopropyl aluminum hydride, ben- 
zyl ethyl aluminum hydride, benzyl n-propyl aluminum 
hydride, and benzyl isopropyl aluminum hydride, 
diethylaluminum ethoxide, diisobutylaiuminum 
ethoxide, diprop^alumlnum methoxide, trimethyl 
aluminum, triethyl aluminum, tri-n-propyl aluminum, 
triisopropyl aluminum, tri-n-butyl aluminum, triisobutyl 
aluminum, tripen^ aluminum, trihexyi aluminum, 
tricydohexyl aluminum, trioctyl aluminum, triphenyl 
aluminum, tri-p-tolyl aluminum, tribenzyl aluminum, 
ethyl diphenyl aluminum, ethyl dl-p-tolyl aluminum, 
ethyl diben^ aluminum, diethyl phenyl aluminum. 



diethyl p-toiyi aluminum, diethyl benzyl aluminum and 
other triorganoalumlnum compounds. The preferred 
organoalumlnum compounds include triethyl alumi- 
num (TEAL), tri-n-propyl aluminum, triisobutyl alumi- 

5 num (TIBAL), trihexyi aluminum, dlisobutyl aluminum 
hydride (DIBA-H), and diethyl aluminum fluoride. 

The component of the catalyst which contains 
nickel can be any soluble organonickel compound. 
These soluble nickel compounds are nonnally confh 

10 pounds of nickel with a mono-dentate or bf-dentafe 
organic llgand containing up to 20 carbon atoms. A 
ligand is an ion or molecule bound to and considered 
bonded to a metal atom or ton. Mono-dentate means 
having one position through which covalent or coor- 

15 dinate bonds with the metal may be formed- Bi-den- 
tate means having two positions through which 
covalent or coordinate bonds with the metal may be 
formed. The term "soluble" refers to solubility in 
butadiene monomer and inert solvents. 

20 Generally, any nickel salt or nickel containing 
organic acid containing from about 1 to 20 carbon 
atoms may be employed as the soluble nickel contain- 
ing compound. Some representative examples of sol- 
uble nickel containing compounds include nickel 

25 benzoate, nickel acetate, nickel naphthanate, nickel 
octanoate, nickel neodecanoate, bis(a-furyl dioxime) 
nickel, nickel palmitate, nickel stearate, nickel 
acetyiacetonate, nickel salicaldehyde, bis((^clopen- 
tadiene) nickel, bis(salicylaldehyde) ethylene diimine 

30 nickel, cyclopentadienyl-nickel nitrosyl, bls(7c-allyl 
nickel), bis(?c cycloocta-1,5-diene}, bis(7c-allyl nickel 
trifluoroacetate), and nickel tetracarbonyl. The prefer- 
red component containing nickel is a nickel salt of a 
carboxylic acid or an organic complex compound of 

35 nickel. Nickel naphthanate, nickel octanoate, and 
nickel neodecanoate are highly prefen-ed soluble 
nickel containing compounds. Nickel 2-ethylhexa- 
noate, which is commonly referred to as nickel 
octanoate (NiOct) is the soluble nickel containing 

40 compound which is most commonly used due to 
economic factors. 

The fluorine containing compound utilized in the 
catalyst system is generally hydrogen fluoride or 
boron trifluoride. If hydrogen fluoride is utilized, it can 

45 be in the gaseous or liquid state. It, of course, should 
be anhydrous and as pure as possible. The hydrogen 
fluoride can be dissolved in an inert solvent, and thus, 
can be handled and charged into the reaction zone as 
a liquid solution. Optionally, butadiene nranomercan 

50 be utilized as the solvent Inert solvents include alkyl-, 
alkaryl-, aryiali^-, and aryl-hydrocarbons. For 
example, benzene and toluene are convenient sol- 
vents. 

The boron trifluoride component of the catalyst 
55 can be gaseous boron trifluoride. It should also be 
anhydrous and as pure as possible. 

The hydrogen fluoride and/or boron trifluoride can 
also be utilized as complexes in the catalyst system 
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as the fluorine containing compound. Hydrogen 
fluoride complexes and lx>ron trifiuoride complexes 
can readily be made with compounds which contain 
an atom or radical which Is capable of lending elec- 
trons to or sharing electrons with hydrogen fluoride or 5 
boron trifiuoride Compounds capable of such 
associating are ethers, alcohols, ketones, esters, nit- 
riles and water. 

The ketone subclass can be defined by the for- 
mula 10 

0 



wherein R' and R are selected from the group consist- 
ing of alkyi radicals, cydoalkyl radicals, aryl radicals, 
aikaryl radicals, and arylalkyi radicals containing from 
1 to about 30 carbon atoms ; and wherein R' and R 20 
can be the same ordifferent. These ketones represent 
a class of compounds which have a carbon atom 
attached by a double bond to oxygen. Some rep- 
resentative examples of ketones that are useful in the 
preparation of the ketone-hydrogen fluoride com- 25 
plexes or boron trifiuoride complexes of this Invention 
Include dimethyl ketone, methylethyl ketone, dibutyl 
ketone, methyl isobutyl ketone, ethyl octyl ketone, 
2,4-pentanedione, bufy\ cydoheptanone, 
acetophenone, amytphenyl ketone, butylphenyl 30 
ketone, benzophenone, phenyltolyl ketone, quinone 
and the like. The prefenred ketones that can be used 
to fomn the ketone-hydrogen fluoride compounds and 
the ketone-boron trifiuoride compounds of this inven- 
tion are the dialkyi ketones of which acetone is most 35 
prefen'ed. 

The nitrile subclass can be represented by the 
formula RCN where R represents alkyt groups, eye- 
loalkyi groups, aryi groups, aikaryl groups or arylalkyi 
groups that contain up to about 30 cart>on atonns. The 40 
nitriles contain a carbon atom attached to a nitrogen 
atom by a triple bond. Representative but not exhaus- 
tive of the nitrile subclass are acetonitrile, butyronft> 
rile, acrylonitrile, benzonitrile, tolunitrile, 
phenylacetonitrile, and the like. The prefenred hydro- 45 
gen fluoride-nitrile complex or boron trifiuoride nitrile 
complex is the hydrogen fluoride benzonitrile complex 
or the boron trifiuoride benzonitrile complex. 

The alcohol subclass can be defined by the for- 
mula ROH where R represents alkyI radicals, cydoal- so 
kyl radicals, aryl radicals, aikaryl radicals, orarylalM 
radicals containing from about 1 to about 30 carbon 
atoms. These alcohols represent a dass of com- 
pounds which have a carbon atom attached by a 
single bond to oxygen which is in turn attached to a 55 
hydrogen by a single bond. Representative but not 
exhaustive of the alcohols useful in the preparation of 
hydrogen fluoride complexes and boron trifiuoride 



complexes are methanol, ethanol, n-propanol, isop- 
ropanol, phenol, benzyl alcohol, cyclohexand, 
butanol, hexanoi and pentanol. The preferred hydro- 
gen fluoride-alcohol complex or boron trifiuoride 
alcohol complex is hydrogen fluoride phenoiate com- 
plex or boron trifiuoride phendate complex. 

The ether subclass can be defined by the formula 
R'OR where R and R' represent alkyI radicals, eye- 
ioalkyi radicals, aryl radicals, aikaryl radicals, and 
arylalkyi radicals containing from about 1 to about 30 
carbon atoms ; wherein R and R' may be the same or 
dissimilar. The R may also be joined through a com- 
mon carl)on bond to form a cyclic ether with the ether 
oxygen being an integral part of the cydic structure 
such as tetrahydrofuran, furan or dioxane. These 
ethers represent a dass of compounds which have 
two carbon atoms attached by single bonds to an 
oxygen atom. Representative but not exhaustive of 
the ethers useful in the preparation of the hydrogen 
fluoride complexes or boron trifiuoride complexes of 
this invention are dimethyl ether, diethyl ether, dibutyl 
ether, diamyl ether, dilsopropyl ethers, tetrahydrofu- 
ran, anisole, diphenyl ether, ethyl methyl ether, dlben- 
zyl ether and the like. The prefenred hydrogen 
fluoride-ether complexes or t)oron trifluoride-ether 
complexes are hydrogen fluoride diethyl etherate, 
hydrogen fluoride dibutyl etherate, boron trifiuoride 
diethyl etherate, boron trifluoride dibutyl etherate 
complexes. 

The ester subdass can be defined by the formula 



0 
/I 

R'-C 



wherein R and R' are selected from the group consist- 
ing of alkyI radicals, cydoalkyi radicals, aryl radicals, 
alkaryi radicals and arylalkyi radicals containing from 
1 to about 20 carbon atoms. The esters contain a car- 
bon atom attached by a double bond to an oxygen 
atom as indicated. Representative but not exhaustive 
of such esters are ethyl benzoate, amyl benzoate, 
phenyl acetate, phenyl benzoate and other esters 
conforming to the formula above. The preferred hyd- 
rogen fluoride-ester complex is hydrogen fluoride 
ethyl benzoate complex. The preferred boron trif- 
luoride-ester complex is boron trifluoride ethyl ben- 
zoate complex. 

Such complexes are usually prepared by simply 
bubbling gaseous boron trifluoride or hydrogen 
fluoride into appropriate amounte of the complexing 
agent, for instance, a ketone, an ether, an ester, an 
alcohol, or a nitrile. This should be done in the abs- 
ence of moisture, and measures should be taken to 
keep the temperature finom rising above about lOO^'F 
(37.7''C). In most cases, txMTon trifluoride and hydro- 
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gen fluoride complexes are prepared with the tem- 
perature being maintained at room temperature. 
Another possible method would be to dissolve the 
hydrogen fluoride or the complexing agent in a suit- 
able solvent followed by adding the other component. 
Still another method of mixing would be to dissolve the 
complexing agent in a solvent and simply bubble 
gaseous hydrogen fluoride or boron trifluoride through 
the system until all of the complexing agent is reacted 
with the hydrogen fluoride or boron trifluoride. The 
concentrations can be detennined by weight gain or 
chemical titration. 

The three component catalyst system utilized can 
be preformed. If the catalyst system is preformed, it 
will maintain a high level of activity over a long period 
of time. The utilization of such a preformed catalyst 
system also results in the fonmatlon of a uniform 
polymeric product Such preformed catalyst systems 
are prepared in the presence of one or more preform- 
ing agents selected from the group consisting of 
monoolefins, nonconjugated diolefins, conjugated 
diolefins, cyclic nonconjugated multiolefins, 
acetylenic hydrocart>ons, triolefins, vinyl ethers and 
aromatic nitriles. 

Some representative examples of olefins that can 
be used as the preforming agent in the preparation of 
stabilized catalysts are trans-2-butene, mixed cis- 
and trans-2-pentene, and cis-2-pentene. Some non- 
conjugated diolefins that can be used as preforming 
agents are cis-1,4-hexadiene, 1,5-heptadiene, 1,7- 
octadiene, and the like. Representative examples of 
cyclic nonconjugated multioiefins that can be used 
include 1 ,5-cyclooctadiene, 1,5,9-cyclododecatriene, 
and 4-vinyl cydohexene-l . Some representative 
examples of acetylenic hydrocarbons which can be 
used as the preforming agent are methyl acetylene, 
ethyl acetylene, 2-butyne. 1-pentyne. 2-pentyne. 1- 
octyne, and phenyl acetylene. Triolefins that can be 
used as the preforming agent include 1,3,5-hexat- 
riene, 1,3,5-heptatriene, 1,3,6-octatriene. 5-methyl- 
1,3,6-heptatriene and the like. Some representative 
examples of substituted conjugated diolefins that can 
be used include 1,4-diphenyl butadiene, myrcene (7- 
methyl-3-metiiylene-1,6-octadiene), and the like. 
Ethyl vinyl ether and Isobutyl vinyl ether are represen- 
tative examples of alkyl vinyl ethers that can be used 
as the preforming agent. A representative example of 
an aromatic nltrile that can be used is benzonitrile. 
Some representative examples of conjugated diole- 
fins that can be used include 1,3-butadlene, isoprene, 
and 1,3-pentadiene. The preferred prefomiing agent 
is 1,3-butadiene. 

A method of preparing the preformed catalyst so 
that It will be highly active and relatively chemically 
stable is to add tiie organoaluminum compound and 
the prefomriing agent to the solvent medium before 
they come into contact with the nickel compound. The 
ntekel compound Is then added to the solution and 



then the fluoride compound is added to the solutton. 
As an altemative, the preforming agent and tiie nickel 
compound may be mbced, followed by the addition of 
the organoaluminum compound and then the fluoride 

5 compound. Other orders of additton may be used but 
they generally produce less satisfactory results. 

The amount of preforming agent used to prefonm 
the catalyst may be within tine range of about 0.001 to 
3 percent of the total annount of monomer to be 

10 polymerized. Expressed as a mole ratio of preforming 
agent to nickel compound, tiie amount of prefonming 
agent present during tiie preforming step can be 
within the range of about 1 to 3000 times the concen- 
tration of nickel. The prefen*ed mole ratio of prefonm- 

is ing agent to nickel is about 3 : 1 to 500 : 1 . 

These prefomned catalysts have catalytic activity 
immediately after being prepared. However, it has 
been observed that a short: aging period, for example 
15 to 30 minutes, at a moderate temperature, for 

20 example SO^'C, Increases the activity of tiie preformed 
catalyst greatiy. 

In order to property stabilize the catalyst, the pre- 
forming agent must be present before the 
organoaluminum compound has an opportunity to 

25 react with either the nickel compound or the fluoride 
compound. If the catalyst system is preformed without 
the presence of at least a small amount of preforming 
agent, the chemical effect of tiie organoaluminum 
upon the nickel compound or the fluoride compound 

30 is such that the catalytic activity of the catalyst is 
greatiy lessened and shortiy thereafter rendered inac- 
tive. I n tiie presence of at least a small amount of pre- 
forming agent, the catalytic or shelf life of the catalyst 
is greatiy improved over the system witiiout any pre- 

35 forming agent present 

The three component nickel catalyst system can 
also be premixed. Such prembced catalyst systems 
are prepared in the presence of one or more 
polymeric catalyst stabilizers. The polymeric catalyst 

40 stabilizer can be In the form of a monomer, a liquid 
polymer, a polymer cement, or a polymer solution. 
Polymeric catalyst stabilizers are generally 
homopolymers of conjugated dienes or copolymers of 
conjugated dienes with styrenes and methyl substi- 

45 tuted styrenes. The diene monomers used in the pre- 
paration of polymeric catalyst stabilizers nomnaily 
contain from 4 to about 12 carbon atoms. Some rep- 
resentative examples of conjugated diene nnonomers 
that can be utilized in making such polymeric catalyst 

so stabilizers include isoprene, 1,3-butadiene, 
piperylene, 1,3-hexadlene, 1,3-heptadiene, 1,3-octa- 
diene, 2,4-hexadiene, 2,4-heptadiene, 2,4-octadiene 
and 1,3-nonadiene. Also included are 2,3-dimethyl- 
butadiene, 2,3-dimetiiyl-1 ,3-hexadiene, 2,3-dimethyl- 

55 1,3-heptadiene, 2,3-dimetiiyl-1,3-octadiene and 
2,3-dimethyl-1,3-nonadiene and mbdures thereof. 

Some representative examples of polymeric 
catalyst stabilizers include polyisoprene, 
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polybutadiene, polypiperylene, copolymers of 
butadiene and styrene, copolymers of butadiene and 
a-methyistyrene, copolymers of isoprene and 
styrene, copolymers of isoprene and a-methyl- 
slyrene, copolymers of piperyiene and styrene, 
copolymers of piperyiene and a-methylstyrene, 
copolymers of 2,3-dlmethyl-1,3-butadiene and 
styrene, copolymers of 2,3-dimethyl butadiene and a- 
methyistyrene, copolymers of butadiene and vinyi- 
toluene, copolymers of 2,3-dimethyl-1,3-butadiene 
and vinyltoluene, copolymers of butadiene and 
methyistyrene, and copolymers of piperyiene and p- 
methylstyrene. 

In order to properly stabilize tlie catalyst system 
by this premixing tecfinique, ^e polymeric catalyst 
stabilizer must be present before tlie organoaiumi- 
num compound has an opportunity to react with either 
the nickel compound or the fluorine containing com- 
pound. If the catalyst system is premixed without the 
presence of at least a small amount of polymeric 
catalyst stabilizer, the chemical effect of the 
organoaluminum compound upon the nickel com- 
pound or the fluorkie compound is such that the 
catalytic activity of the catalyst system is greatJy les- 
sened and shortly thereafter rendered inactive. In the 
presence of at least a small amount of polymeric 
catalyst stabilizer, the catalytic or shelf life of the catal- 
yst system is greatly improved over the same system 
without any polymeric catalyst stabilizer present 

One method of preparing this prembced catalyst 
system so that It will be highly active and relatively 
chemically stable is to add the organoaluminum com- 
pound to the polymer cement solution and mbc 
thoroughly before the organoaluminum compound 
comes into contact with the nickel containing com- 
pound. The nickel compound is then added to the 
polymer cement solution. Aitemafively, the nickel 
compound can be mixed with the polymer cement 
first, followed by the addition of the organoaluminum 
compound. Then the fluorine containing compound is 
added to the polymer cement solution. This is not 
intended to preclude other orders or methods of catal- 
yst addition, but it is emphasized that the polymer 
stabilizer must be present before the organoalumi- 
num compound has a chance to react with either the 
nickel containing compound or the fluorine containing 
compound. 

The amount of polymeric catalyst stabilizer used 
to prembc the catalyst system can be within the range 
of about 0.01 to 3 weight percent of the total amount 
of monomer to be polymerized. Expressed as a 
weight ratio of polymeric catalyst stabilizer to nickel, 
the amount of polymeric catalyst stabilizer present 
during the prembcing step can be within the range of 
about 2 to 2000 times the concentration of nickel. The 
prefen-ed weight ratio of polymeric catalyst stabilizer 
to nickel is firom about 4 : 1 to about 300 : 1. Even 
though such prembced catalyst systems show cataly- 



tic activity immediately after being prepared, it has 
been observed that a short aging period, for example 
15 to 30 minutes, at moderate temperatures, for 
example 50**C, Increases the activity of the prefomied 

5 catalyst system. 

A "modified In situ" technique can also be used in 
making the three component nickel catalyst system. 
In fact, the utilizatton of catalysts made by such "mod- 
ified in situ" techniques results in more unifonm control 

10 of the polymerization and the polymeric product In 
such a "modified in situ" technique, the organoalumi- 
num compound is added to neat 1,3-butadiene mono- 
mer with the nickel containing compound being added 
later. The butadiene monomer containing the 

15 organoaluminum compound and the nickel containing 
compound is then charged into the reaction zone 
being used for the polymerization with the fluorine 
containing compound being charged into the reaction 
zone separately. Nonmally, the organoaluminum com- 

20 pound and the nickel containing compound are 
charged into the reaction zone soon after being mixed 
into the butadiene monomer. In most cases, the 
organoaluminum compound and the nickel containing 
compound are charged into the reaction zone within 

25 60 seconds after being mixed in the butadiene mono- 
mer. It will generally be desirable to utilize 
organoaluminum compounds and nickel containing 
compounds which have been dissolved in a suitable 
solvent 

30 The three component nickel catalyst systems 
utilized in the practice of the present invention have 
activity over a wide range of catalyst concentrations 
and catalyst component ratios. The three catalyst 
components interact to form the active catalyst sys- 

35 tern. As a result, the optimum concentration for any 
one component is very dependent upon the concen- 
trations of each of the other two catalyst components. 
Furthermore, while polymerization will occur over a 
wide range of catalyst concentrations and ratios, the 

40 most desirable properties for the polymer being syn- 
thesized are obtained over a relatively narrow range. 
Polymerizations can be carried out utilizing a nrK>le 
ratio of the organoaluminum compound to the nickel 
containing compound within the range of from atK)ut 

45 0.3 : 1 to about 300 : 1 ; with the mole ratio of the 
fluorine containing compound to the organonlckel 
containing compound ranging from about 0.5 : 1 to 
about 200 : 1 and with the mole ratio of the fluorine 
containing compound to the organoaluminum com- 

50 pound ranging from about 0.4 : 1 to about 10:1. The 
preferred mole ratios of the organoaluminum com- 
pound to the nickel containing compound ranges from 
about 2 : 1 to about 80 ; 1, the prefenred tnde ratk> of 
the fluorine containing compound to the nickel con- 

55 talning compound ranges from about 3 : 1 to about 
100 : 1, and the prefenred mole ratio of the fluorine 
containing compound to the organoaluminum conv- 
pound ranges from about 0.7 : 1 to about 7:1. The 
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concentration of the catalyst system utilized in the 
reaction zone depends upon factors such as purity, 
the reaction rate desired, the polymerization tempera- 
ture utilized, the reactor design, and other factors. 

The three component nickel catalyst system can s 
be continuously charged into the reaction zone 
utilized in carrying out continuous solution polymeri- 
zation at a rate sufficient to maintain the desired catal- 
yst concentration. The three catalyst components can 
be charged into the reaction zone "in situ", or as has io 
been previously described, as a preformed or pre- 
mixed catalyst system. In order to facilitate charging 
the catalyst components into the reaction zone "in 
situ" they can be dissolved in a small amount of an 
Inert organic solvent or butadiene monomer. Prefer- is 
med and premixed catalyst systems will, of course, 
already be dissolved in a solvent. The polymerization 
medium being utilized will normally contain about 5 
weight percent to about 36 weight percent monomers 
and polymer with about 65 weight percent to 95 weight 20 
percent of the polymerization medium being solvent. 

One or more molecularweightregulators can also 
be included in the polymerization medium. The 
molecular weight regulators which can be used 
include those which are known to be useful in solution 25 
polymerizations of 1,3-butadiene monomer which 
utilize nickel catalyst systems, such as those dis- 
closed In U.S. Patent 4,383,097 and South African 
Patents 83/2555, 83/2557 and 83/2558, which are 
incorporated herein by reference. These molecular 30 
weight regulators are selected from the group consist- 
ing of a-oiefins, cis-2-butene, trans-2-butene, allene, 
1 ,4-pentadlene, 1 ,5-hexadiene, 1 ,6-heptadiene, 
1,2,4-trivinylcyclohexene, 1-trans-4-hexadiene, and 
4-vinyl-1-cyclohexene. The a-olefins that can be 35 
utinzed generally contain from 2 to about 10 carbon 
atoms. Some representative examples of a-olefins 
that can be utilized for this purpose include ethylene, 
propylene, 1-butene, 1-pentene, and 1-hexene. 1-bu- 
tene is a preferred molecular weight regulator. This is 40 
because it has a t>oi!ing point of -S.S^'C which is very 
close to the boiling point of 1 ,3-butadiene {-4.5**C) and 
because it is effective as a molecular weight regulator 
at low concentrations and is not a poison to the polym- 
erization catalyst even if its concentration increases 45 
markedly. 

The amount of molecular weight regulator that 
needs to be employed varies with the type of molecu- 
lar weight regulator being utilized, with the catalyst 
system, with the polymerization temperature, and with so 
the desired molecular weight of the polymer being 
synthesized. For instance, if a high molecular weight 
polymer is desired, then a relatively small amount of 
moiecular weight regulator is required. On the other 
hand, in order to reduce molecular weights substan- ss 
tially, relatively larger amounts of the molecular 
weight regulator will be utilized. Generally, greater 
amounts of the moiecular weight regulator are 



required when the catalyst system being utilized con- 
tains hydrogen fluoride or is an aged catalyst which 
contains boron trifluoride. Extremely effective 
molecular weight regulators, for example allene, can 
be used in lower concentrations and will nevertheless 
suppress molecular weights to the same degree as do 
more typical molecular weight regulators at higher 
concentrations. More specifically, allene will suppress 
the molecular weight of the polymer being syn- 
thesized in the solution polymerization when utilized 
at concentrations as low as 0.005 phm (parts per hun- 
dred parts of monomer). Generally, the molecular 
weight regulator will be utilized at a concentration 
ranging between about 0.005 phm and 20 phm. It will 
normally be preferred for the molecular weight regu- 
lator to be utilized at a concentration of 0.1 phm to 15 
phm with the most preferred concentration being be- 
tween 1 phm and 10 phm. 

Sn continuous polymerizations, the molecular 
weight regulator is continuously charged into the 
reactton zone at a rate sufficient to maintain the des- 
ired concentration of the molecular weight regulator in 
the reaction zone. Even though the molecular weight 
regulator is not consumed in the polymerization reac- 
tion, a certain amount of molecular weight regulator 
will need to be continuously added to compensate for 
losses. The total quantity of the 1,3-butadiene mono- 
mer, the catalyst system, the solvent, and the molecu- 
lar weight regulator (if desired) charged into the 
reaction zone per unit time is essentially the same as 
the quantity of high cis-1,4-polybutadiene cement 
witiidrawn from the reaction zone within that unit of 
time. 

High cis-1,4-polybutadiene can also be prepared 
under solution polymerization conditions utilizing rare 
earth catalyst systems, such as lathanide systems, 
which are normally considered to be "pseudo-living". 
Such rare earth catalyst systems are comprised of 
three components. These components Include (1) an 
organoaluminum compound, (2) an organometallic 
compound which contains a metal from Group lll-B of 
the Periodic System, and (3) at least one compound 
which contains at least one labile halide ion. The 
organoaluminum compound which can be utilized in 
conjunction with such rare earth catalyst systems are 
the same as those described for utilization in conjunc- 
tion witii the three component nickel catalyst system 
previously described. 

In the organometallic compound which contains a 
metal from Group III-B of the Periodic System the 
metal Ion lonms the central core of atom to which li- 
gand-type groups or atoms are joined. These com- 
pounds are sometimes known as coordination-type 
compounds. These compounds may be symbolically 
represented as MU wherein M represents the above- 
described metal Ions of Group ill-B and L is an organic 
ligand containing from 1 to 20 carbon atoms selected 
from a group consisting of (1) o-hydroxyaldehydes, 
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(2) o-hydroxyphenones, (3) amlnophenols, (4) hyd- 
roxy esters, (6) hydroxy quinolines, (6) p-diketones, 
(7) monocarboxylic acids, (8) ortho dihydric phenols, 
(9) alkylene glycols, (10) dicarboxylic acids, (1 1) alky- 
lated derivatives of dicarbo)^ic adds and (12) s 
phenolic ethers. 

The Group Hl-B metals which are useful In the 
onganometallic compound Include scandium, yttrium, 
the lanthanides, and the actinides. The lanthanides 
Include lanthanum, cerium, praseodymium, io 
neodymium, promethium, samarium, europium, 
gadolinium, terbium, dysprosium, holmlum, erbium, 
thulium, ytterbium and lutetium. The actinides include 
actinium, thorium, protactinium, uranium, neptunium, 
Plutonium, americium, curium, berkelium, califomium, is 
einsteinium, fermium, mendelerium, and lawrencium. 
The preferred actinides are thorium and uranium 
which have atomic numbers of 90 and 92, respect- 
ively. The preferred Group llf-B metals are cerium, 
praseodymium, neodymium and gadolinium which 20 
have atomic numbers of 58, 59, 60, and 64 respect- 
ively. The most prefenred lanthanide metal is 
neodymium. 

In the organometallic compound utilized the 
organic portk>n includes organic type ligands or 25 
groups which contain from 1 to 20 carbon atoms. 
These ligands can be of the monovalentand bidentate 
or divalent and bidentate fomn. Representative of 
such organic ligands or groups are (1) o-hydroxyal- 
dehydes such as salicylaldehyde, 2-hydroxyl-1- 30 
naphthaldehyde, 2-hydroxy-3-naphthaIdehyde and 
the like; (2) o-hydroxyphenones such as 2'-hyd- 
roxyacetophenone, 2'-o-hydroxybutyrophenone, 2'- 
hydroxypropiophenone and the like; (3) 
amlnophenols such as o-aminophenol, N-methyl o- 35 
aminophenol. N-ethyl o-aminophenol and the like ; (4) 
hydroxy esters such as ethyl salicylate, propyl salicy- 
late, butyl salk:ylate and the like ; (5) phenolic com- 
pounds such as 2-hydroxyquinoIlne, 8-hyd 
roxyquinollne and the like ; (6) p-diketones such as 40 
acetylacetone, benzoylacetone, propionylacetone, 
isobutyrylacetone, valerylacetone. 
ethylacetyiacetone and the like ; (7) monocarboxylic 
acids such as acetic acid, propionic acid, valeric acid, 
hexanoic acid, 2-ethylhexanoic acid, neodecanoic 45 
acid, lauric acki, stearic acid and the like ; (8) ortho 
dihydric phenols such as pyrocatechol ; (9) alkylene 
glycols such as ethylene glycol, propylene glycol, 
trimethylene glycol, tetramethyiene glycol and the 
like; (10) dicart)oxyllc acMs such as oxalic acki, so 
malonic acid, maleic acid, succinic acid, o-phthalic 
acid and the like ; (11) alkylated derivatives of the 
above-described dicarboxylic ackis ; (12) phenolic 
ethers such as o-hydroxyanisole, o-hydroxyethyl 
phenol ether and the like. 55 

Representative organometallic compounds of the 
Group lll-B metals, con-esponding to the formula ML3, 
which may be useful In this invention include cerium 



acetylacetonate, cerium naphthenate, cerium 
neodecanoate, cerium octanoate, tris-saiicylal- 
dehyde cerium, cerium tris-(8-hydroxyquinolate), 
gadolinium naphthenate, gadollnkim neodecanoate, 
gadolinium octanoate, lanthanum naphthenate, lanth- 
anum octanoate, neodymium naphthenate, 
neodymium neodecanoate, neodymium octanoate, 
praseodymium naphthenate, prasodymium 
octanoate, yttrium acetylacetonate, yttrium 
octanoate, dysprosium octanoate, tris(7t-allyl) 
uranium chloride, tris(7c-allyl) uranium bromide, 
tris(9c-allyl) uranium Iodide, uranium tetramethoxkle, 
uranium tetraethoxide, uranium tetrabutoxkie, 
uranium octanoate, thorium ethoxide, tris(;c-allyl) 
thorium chlorkle, thorium naphthenate, uranium iso- 
valerate, and other Group lll-B metals complexed with 
ligands containing fonm 1 to 20 carbon atoms. 

The third catalyst component utilized in such rare 
earth catalyst systems is a compound which contains 
a halide ion. Some representative examples of hallde 
ions which can be utilized include bromide ions, 
chloride ions, fluoride ions, and iodide k)ns. A combi- 
nation of two or more of these tons can also be 
utilized. These halide ions can be introduced as (1) 
hydrogen halides ; (2) alkyi, aryl, alkaiyl, aralkyl and 
cydoalkyl metal halides wherein the metal is selected 
from the Groups 11, lll-A and IV-A of the Periodks 
Table ; (3) halides of metals of Groups Hi, IV, V, Vl-B 
and VIII of the Periodic Table and (4) organometallic 
halides corresponding to the general formula Ml^s- 
y)Xy wherein M Is a metal selected from the group con- 
sisting of metals of Group Ill-B of the Periodic Table 
having atomic numbers of 21, 39 and 57 through 71 
Inclusive ; L Is an organic ligand containing from 1 to 
20 carbon atoms and selected from the group consist- 
ing of (a) o-hydroxyaldehydes, (b) o-hyd- 
roxyphenones, (c) hydroxyquinolines, (d) 
^-diketones, (e) monocarboxylic ackis, (0 ortho 
dihydric phenols, (g) alkylene glycols, (h) dicarboxylic 
acids, (i) alkylated derivatives of dicart>oxylic acids 
and 0) phenolic ethers ; X is a halide ion and y is an 
integer ranging from 1 to 2 and representing the nunv 
ber of halide ions attached to the metal M. The organic 
ligand L may be of the nrK>novalent and bidentate or 
divalent and bidentate form. 

Representative examples of such compounds 
containing a labile halide ion include (1) inorganic 
halkie acids, such as hydrogen bromide, hydrogen 
chloride and hydrogen todide; (2) oiganometallk; 
halMes, such as ethyimagneslum bromide, bufylmag- 
nesium bromide, phenyimagnesium bromide, methyl- 
magnesium chloride, butylmagnesium chloride, 
ethyimagneslum Iodide, phenyimagnesium iodide, 
diethylaluminum bromide, dlisobutylaluminum 
bromide, methylaluminum sesqulbromide, dieth- 
ylaluminum chloride, ethylaluminum dichloride, 
ethylaluminum sesquichloride, diisobutylaluminum 
chloride, isobutylaluminum dichloride, dihexylalumi- 
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num chloride, c^clohexylaluminum dlchloride, 
phenylaluminum dlchloride, didodecylaluminum 
chloride, diethylaluminum fluoride, dibutylalumlnum 
fluoride, diethylaluminum iodide, dibutylalumlnum 
Iodide, phenylaluminum diiodlde, trimethyltin 5 
bromide, triethyltin chloride, dibutyltin dlchloride, 
butyltin trichloride, diphenyltin dlchloride, tributyltin 
iodide and the like ; (3) inorganic halides, such as 
aluminum bromide, aluminum chloride, aluminum 
Iodide, antimony pentachloride, antimony trichloride, io 
boron tribromide, boron trichloride, fenic chloride, gal- 
lium trichloride, molybdenum pentachloride, phos- 
phorus tribromide, phosphorus pentachloride, stannic 
chloride, titanium tetrachloride, titanium tetraiodide, 
tungsten hexachloride and the like; and (4) is 
organometallic (Group IM-B) halides, such as t-butyl- 
salicyialdehydrocerium (III) chloride, salicylaldehyd- 
rocerium (III) chloride, 5-cycIohexyl sail cy\a\ 
dehydrocerium (III) chloride, 2-aGetyl- 
phenolatocerium (111) chloride, oxalatocerium (III) 20 
chloride, oxalatocerium (IH) bromide and the like. The 
prefen-ed compounds which contain a labile halide ion 
are inorganic halide acids and organometallic halides. 

The rare earth metal catalyst system can be prep- 
ared using an "in situ" technique or it can be "prefer- 25 
med." By "in situ" is meant that the catalyst 
components are added separately to the monomer to 
be polymerized. By "preformed" Is meant the manner 
In which the catalyst components are mbced together 
prior to exposure of any of the components to the 30 
monomer to be polymerized. It is also known that 
when employing the type of catalyst system described 
in this invention, the presence of monomer is not 
essential to the formation of an active catalyst 
species, thus, facilitating the use of "preformed" catal- 35 
ysts. Also, it is known that freshly "preformed" catal- 
ysts are frequently more active than catalysts which 
have been allowed to age before use. Greatly 
improved "prefomied" catalysts can be prepared by 
carrying out the "prefomiing" in the presence of small 4o 
amounts of conjugated diolefins. Preforming in the 
presence of monomers results in homogeneous (sol- 
uble) catalyst systems, whereas those prepared by 
mixing in the absence of monomers are frequently 
heterogeneous (insoluble). Such a "prefomning" tech- 45 
nique is described in detail in United States Patent 
3,794,604 which is incorporated herein by reference. 

The proportions of the components of the polym- 
erization catalyst compositions of this invention can 
be varied widely. When the halide ion of the halogen so 
containing compound is bromide, chloride or iodide 
ion, the atomic ratio of the halide ion to the Group lll-B 
metal can vary from about 0.1/1 to about 6/1. A more 
prefisnred ratio is from about 0.5/1 to about 3.5/1 and 
the most preferred ratio is about 2/1 . However, when ss 
the halide ion of the halogen-containing compound is 
fluoride k>n, the ratio of the fluoride ion to the Group 
ill-B metal ion ranges from about 20/1 to about 80/1 



witii ttie most preferred ratio being about 30/1 to about 
60/1. The molar ratio of the trialkylaluminum or 
alkylalumlnum hydride to Group Ill-B metal can range 
from about 4/1 to about 200/1 with the most preferred 
range being from about 8/1 to about 100/1. The molar 
ratio of diolefin to Group Ill-B metal can range from 
about 0.2/1 to 3000/1 witii the most preferred range 
being from about 5/1 to about 500/1. 

The anriount of rare earth catalyst charged to the 
reduction system can be varied over a wide range ; 
the sole requirement being that a catalytic amount of 
the catalyst composition, sufficient to cause polymeri- 
zatbn of tiie 1,3-butadlene monomer, be present In 
the reaction system. Low concentrations of catalyst 
are desirable in order to minimize ash problems. It has 
been found that polymerizations will occur when the 
catalyst ieyel of the Group lil-B metal varies between 
0.05 and i .0 mlllimole of Group lIl-B metal per 100 
grams of monomer. A prefen-ed ratio Is between 0.1 
and 0.3 mlllimole of Group III-B metal per 100 grams 
of monomer. 

The concentration of the total catalyst system 
employed, of course, depends upon factors such as 
purity of the system, polymerlzatton rate desired, tem- 
perature and other factors. Therefore, specific con- 
centrations cannot be set forth except to say that 
catalytic amounts are used. 

Temperatures at which such polymerization reac- 
tions employing rare earth catalyst systems are car- 
ried out can be varied over a wide range. Usually the 
temperature can be varied from extremely low tem- 
peratures such as -60''C up to high temperatures such 
as 1 50**C or higher. Thus, temperature is not a critical 
factor in the polymerization of 1,3-butadiene mono- 
mer with rare earth catalyst systems. It is generally 
prefen-ed, however, to conduct the polymerization 
reaction at a temperature in the range of from at>out 
1 0°C to about gC^C. The pressure at which the polym- 
erization is carried out can also be varied over a wide 
range. The reaction can be conducted at atmospheric 
pressure or, if desired, it can be carried out at subat- 
mospherlc or super-atmospheric pressure. Generally, 
a satisfactory polymerization is obtained when the 
reaction Is carried out at about autogenous pressure, 
developed by the reactants under the operating con- 
ditions used. 

Vinyl halides can be utilized in conjunction witii 
rare earth catalyst systems as molecular weight regu- 
lators as described in U.S. Patent 4,663,405 to 
Throckmorton which is incorporated herein by refer- 
ence. The vinyl halides that can be utilized as molecu- 
lar weight regulators include vinyl fluoride, vinyl 
chloride, vinyl bromide and vinyl iodide. Vinyl 
bromide, vinyl chloride and vinyl iodide are preferred. 
Generally, vinyl chloride and vinyl bromide are most 
preferred. The anrK)unt of vinyl halide utilized will vary 
with the nK>lecular weight which is desired for the 
polymer being synthesized. Naturally, the use of gre- 
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ater quantities of the vinyl halide results in the produc- 
tion of a polymer having lower molecular weights. As 
a general rule, from about 0.05 to 10 phm (parts per 
hundred parts of monomei) of a vinyl halide will be 
utilized. In most cases from 0.1 phm to 2.5 phm of a 
vinyl halide will be present during the polymerization. 
Persons skilled in the art will be able to easBy ascer- 
tain the amount of vinyl halide in order to produce a 
polymer having a specifically desired molecular 
weight. 

Metals from Groups I and 11 of the Periodic Sys- 
tem can also be utilized as catalysts for polymerizing 
1,3-butadiene monomer into 1,4-polybutadiene. The 
utilization of initiator systems of this type results in the 
formatidn of "Ih^ing" polymers. The metals which are 
most commonly utilized in initiator systems of this type 
include barium, lithium, magnesium, sodium, and 
potassium. Lithium and magnesium are the metals 
that are most commonly utilized in such initiator sys- 
tems. The metal initiator systems which are most 
commonly utilized in polymerizing butadiene mono- 
mer into polybutadiene are in the form of 
organometallic compounds. For instance, lithium is 
commonly utilized to catalyze such polymerizations in 
the form of an organoaluminum compound. Such 
organoaluminum compounds generally having the 
structural formula : Li-R, wherein R represents an 
alkyi group containing from 1 to 20 cart>on atoms. 
More commonly, the alkyI group In such alkyi lithium 
compounds will contain from 2 to 8 carbon atoms. For 
instance, butyl lithium is very commonly utilized as the 
initiator for such polymerizations. 

It Is possible to prepare polybutadiene cements 
utilizing catalyst systems other than those described 
herein. It is also contemplated that such 
polybutadiene cements can be utilized in preparing 
the blends of this invention. 

Rubt>er cements of other elastomers, such as 
polylsoprene. styrene-butadiene rubber (SBR) or sty- 
rene-isoprene-butadiene rubber (SIBR) can also be 
synthesized utilizing known solution polymerization 
techniques. Such rubber cements can, of course, also 
be utilized in preparing the highly dispersed blends of 
this invention. 

The pdyamide or polyester can be synthesized 
by simply adding a diacid or diacid chloride and a 
diamine or diol to the rubber cement It is usually desi- 
rable to also add a polar organic soh^ent to the rubber 
cement Such polar organic solvents should be good 
solvents for the diol or diamine and should also be 
miscible in the non-polar soh^ent in the rubber cement 
Some representative examples of such polar organic 
solvents include methyl ethyl ketone, tetrahydrofuran, 
methylene chloride, chlorofonn, pyridine and 
dimethylsutfoxkie. In many cases, it is desirable to 
dissolve the dbl or diamine in the polar organic sol- 
vent and then to mix the solutton of the diol or diamine 
into the rubber cement 



A stoichiometric amount of diacid or diacid 
chloride and diamine or diol will typically be added. 
The amount of monomers added will depend upon the 
desired level of Incorporatton of the polyamlde or 

5 polyester in the highly dispersed blend being prep- 
ared. Typically an amount of monomers sufficient to 
prepare a blend containing from about 2 phr to about 
50 phr (part per hundred parts of rubber) of the 
polyamlde or polyester will be added, it Is typically 

io preferred for the highly dispersed blend to contain 
from about 5 phr to about 40 phr of polyamlde or 
polyester. The most prefenred anrK)unt of polyamlde or 
polyester in the blend will depend upon the ultimate 
application of the high modulus rubber composition. 

IS As a general rule, amounts vnthin the range of about 
10 phr to about 30 phr are most preferred. 

The solution of the monomers in the rubber 
cement will normally contain from about 5 weight per- 
cent to about 35 weight percent monomers and 

20 polymers, based upon the total weight of the polym- 
erization medium (monomers, rubber, and solvent). 
The polymerization medium will preferably contain 
from about 10 percent to about 30 percent monomers 
and polymers. It will generally be more preferred for 

25 the polymerization medium to contain from about 15 
weight percent to about 25 weight percent monomers 
and polymers. In commercial operations, the polym- 
erization medium will typically contain about 20 
weight percent monomers and polymers. 

30 In the most highly preferred embodiment of this 

invention, the polyamlde or polyester will be syn- 
thesized by interfacial polymerization. The polymeri- 
zation medium used in such interfacial 
polymerizations is comprised of an aqueous phase 

35 and an organic phase. The aqueous phase is com- 
prised of water and at least one diol or diamine mono- 
mer. The aqueous phase will also normally contain a 
water soluble base. Diamines can be employed so as 
to serve as both the base and a monomer. However, 

40 it Is important to include a water soluble base in cases 
where diol monomers are employed. The water solu- 
ble base will usually be an inorganic base such as 
sodium hydroxide, it is highly desirable to include a 
surfactant in the aqueous phase in cases where diol 

45 monomers are being employed. Anbnic surfactants 
are generally prefenred for this purpose. Cationb 
phase transfer agents are also useful. 

The organic phase is comprised of a rubber 
cement, optionally, a polar organic solvent and a 

50 diacid halide. The rubber centent is a solution of at 
least one rubber in at least one nonpolar organic sol- 
vent The organic phase can be made by mixing the 
diacid halide into the rubber cement The polar 
organic solvent used should be a good solvent for the 

55 diacid halide. 

The interfacial polymerization is canried out by 
mixing the organic phase with the aqueous phase and 
providing agitation. The weight ratio of the organk: 
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phase to the aqueous phase will generally be within 
the range of about 1 0 : 90 to about 90 : 1 0 with a ratio 
of 30 : 70 to 70 : 30 being preferred. Such interfacial 
poiymenzations can be conducted over a very wide 
temperature range from about O^C up to about 1 0O^C. 
it is normally preferred for such polymerizations to be 
conducted at a temperature which Is within the range 
of about 20**C to about 50*C. 

Virtually any type of diacid or diacid chloride can 
be used In making the high modulus rubber compo- 
sitions of this invention. The diacids which can be 
employed will normally have the structural formula : 

0 0 
ii fi 
HO-C-A-C-OH 

wherein A represents an alkylene group containing 
from 1 to about 12 carbon atoms or an arylene group 
containing from 6 to about 30 carbon atoms. Such 
alkylene groups will preferably contain from 2 to 10 
carbon atoms, it Is nomnally prefenred for the diacid to 
be aromatic with terephthailcacid and isophthalicacid 
being highly preferred. 

The diacid halides which can be utilized nomnally 
have the structural formula : 

0 0 
11 II 

R.C-A-C-R 

wherein A represents an alkylene group containing 
from 1 to about 12 carbon atoms or an arylene group 
containing from 6 to about 30 carbon atoms and whe- 
rein R represents a halogen atom. Such alkylene 
groups will preferably contain from 2 to 10 carbon 
atoms. The diacid halide will normally be a diacid 
fluoride, a diacid chloride or a diacid bromide. Diacid 
chlorides are nonmally prefenred. It Is nomially prefer- 
red for the diacid chloride to be an aromatic diacid 
chloride, such as terephthaloyi chloride. 

Polyamides can be prepared by reacting virtually 
any type of diamine monomer with the diacid or diacid 
chloride. The diamines which can be used nonmally 
have the structural formula : H2N-A-NH2 wherein A 
represents an alkylene group containing from 2 to 
about 30 carbon atoms or an arylene group containing 
from 6 to about 30 carbon atoms. Some representa- 
tive examples of diamine monomers which can be 
utilized include ethylene diamine, phenylene diamine, 
1,6-hexanediamine, neopentyl glycol, naphthalyne 
diamines, 1,4-butylene diamine, piperazlne, hyd- 
razine, and the like. 

The diols which can be employed in making 
polyesters will generally have the structural fonnula : 
HO-A-OH wherein A represents an alkylene group 
containing from about 6 to about 30 carbon atoms or 
an arylene group containing firom 6 to about 30 carbon 



atoms. Some representative examples of diols which 
can be employed include 1,6-hexanediol, cyc- 
lohexane dimethanol, hydroqulnone, resorclnol, bis- 
phenoi-A and the like. 

5 In an alternative embodiment of this inventbn, 

polyamide&can be synthesized in rubber cements by 
polymerizing monomers having the structural for- 
mula: H2N-R-COOH, wherein R represents an 
alkylene group containing from 2 to about 30 carbon 

10 atoms or an arylene group containing from 6 to about 
30 cart>on atoms. It is normally desirable to catalyze 
such polymerizations with a catalyst system which is 
comprised of (1) a phosphorus containing compound, 
such as phenyfphosphine dichloride, hexachloroi^c- 

15 lotri-phosphatriazene, triphenylphosphine, or 
diphenyl chlorophosphate ; and (2) at least one acid 
acceptor. Polymeric agents having pendant diphenyl- 
phosphine dichloride groups can also be used in coii- 
junctk>n with an acid acceptor as a catalyst system. 

20 Such catalyst systems are described in greater detail 
In U.S. Patent 4,668,762 and by Kitayama, Sanui and 
Ogata, "Synthesis of Aromatic Polyesters by DIroct 
Polycondensation with Triphenyiphosphine 
Dichloride", 22 Joumal of Polymer Science : Polymer 

25 Chemistry Edition 2705-2712 (1984) the teachings of 
which are Incorporated herein by reference. Such 
direct polycondensation reactions can also be 
catalyzed by employing p-toluenesulfonyi chloride in 
the presence of N,N-dimethylformamkle. Such a 

30 catalyst system is described in greater detail by 
Higashi, Akiyama, Takahashi and Koyama, "Direct 
Polycondensation of Aromatic Dicart>oxylic Acids and 
Bisphenols with Tosylchloride and N,N-dimethylfor- 
mamide in Pyridine". 22 Joumal of Polymer Science: 

35 Polymer Chemistry Editton 1653-1660 (1984) the 
teachings of which are hereby incorporated herein by 
reference. 

The diacid halide monomer can be blended into 
the matrix of a dry rubber containing a diamine mono- 

40 met or a diol monomer to prepare the high modulus 
rubber composition. In such a procedure it is normally 
prefen-ed to mix the diamine monomer or diol mono- 
mer into the rubber and then subsequentiy to blend 
the diacid halide into the rubber which already con- 

45 tains the diamine monomer or diol monomer. It is also 
possible to reverse this order with the diacid halide 
monomer being mbced Into the rubber with the 
diamine monomer or diol monomer being added sub- 
sequentiy. It is fypically not desirable for the diacid 

so halide monomer to be added to the dry rubber at the 
same time that tiie diol monomer or diamine monomer 
is being added. 

In another preferred embodiment of this inven- 
tion, the diacid halide Is dispereed Into a first portion 

55 of dry rubber. The did rronomer or diamine nrwnomer 
is blended into a second portion of the rubber. The two 
components can then be blended so as to mbc the rub- 
ber containing the diacid halkie with tiie rubber con- 

12 
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taining the diol or diamine monomer. This procedure 
also results in tiie production of a higiily dispersed 
blend of polyester or polyamlde within the matrix of 
the dry rubber. 

The polyester or polyamide can be synthesized In 
the rubber matrix or polymer cement solution over a 
wide temperature range from about O'^C to about 
100**C. As a matter of convenience, such solution 
polymerizations and interfacial polymerizations are 
typically conducted at room temperature with tem- 
peratures in the range of about 20^*0 to about SO'^C 
being preferred. In cases where the polyester or 
polyamlde Is prepared within the matrix of a dry rub- 
ber, the temperature at which the polymerization is 
conducted will be above the melting point of the mono- 
mers (typically within the range of about 60°C to about 
200''C). It is preferred for such polymerizations to be 
conducted at a temperature within the range of about 
1 0O^'C to about 1 60°C with it being most preferred for 
the polymerization to be done at a temperature within 
the range of about 120°C to about 140*^0- 

In cases where the polyester or polyamide is 
being synthesized within the matrix of a dry rubber, 
the polymerization is carried out while the rubber and 
monomers are being subjected to mechanical shear- 
ing forces. Typically the polymerization will be carried 
out in an extruder or a mbeer which is capable of pro- 
viding sufficiently high shearing forces so as to 
homogeneously disperse the monomers throughout 
the dry rubber. Banbuiy mixers and Brabender mixers 
are very suitable for utilization in this procedure. 

This invention is illustrated by the following woric- 
ing examples which are presented merely for the pur- 
pose of illustration and are not to be regarded as 
limiting the scope of the invention or the manner in 
which it can be practiced. Unless specifically indi- 
cated otherwise, parts and percentages are given by 
weight 

Example 1 

An elaston>eric cement is prepared by dissolving 
100 grams of polybutadiene rubber into toluene and 
diluting to one liter Hydroxybenzolc acid (23 grams, 
0.167 moles) is then mixed together with triphenyl- 
phosphine (48.1 grams, 0.18 moles) in 100 ml of dry 
pyridine. This solution is then added to the elastomer 
cement under a stream of nitrogen. A honfK)geneous 
solution Is obtained. Hexachloroethane (59 grams, 
0.25 nnoles) is then added to the mbcture as a sdutlon 
in a minimum amount of pyridine with rapid stirring. An 
exothenmic reaction takes place and a white 
heterogeneous suspension develops. After one hour 
the resulting mixture is precipitated Into an isop- 
ropanol/water solution, filtered and dried in a vacuum 
oven. 



Example 2 

The elastomer cement is prepared as In Example 
1. Terephthaloyi chloride (25.38 grams, 0.125 moles) 

5 as a solution In a minimum amount of methylene 
chloride is added to the elastomer cement to obtain a 
homogeneous solution. Hydroquinone (13.76 grams, 
0.125 moles) in pyridine (30 ml) is then added drop- 
wise to the cement with stirring. The viscosity 

10 increases and a white heterogeneous suspension is 
fomned. After 3 hours the stirring is stopped and the 
mbcture is precipitated into an isopropanol/water sol- 
ution, filtered and dried in a vacuum oven. 

15 Example 3 

A 27 gallon (1 02 liter) stainless steel reactor was 
charged witii 100 lbs. (45.4 kg) of a 11% solution of 
cls-1,4-polyisoprene in hexane. Terephthaloyi 

20 chloride (1 .9 kg, 9.35 moles) was then dissolved Into 
the hexane at about 35**C to achieve a homogeneous 
solution. An aqueous solution made up of 1.8 lbs. 
(0.82 kg) sodium hydroxide, 2.16 lbs. (0.98 kg) of 
hydroquinone and 0.1 lbs. (45 g) of surfactant in 1 gal- 

25 Ion (3.8 liters) of water, was then added to the hexane 
solution. The resulting mixture was then stinred for 
approximately one hour. The hexane was driven off 
and the resulting sample was washed with water and 
dried to yield approximately 15.7 lbs. (7.1 kg) of com- 

30 posite material. 

Example 4 

Natural rubber (230 grams) was added to a ban- 
35 bury mixer of 41 0 cc capacity at 1 00**C. The banbuiy 
was run until both the temperature and torque leveled 
off. Hexamethylene diamine (5.84 grams) was added 
to the mixer and allowed to mbc with the natural rubber 
for approximately three minutes. Terephthaloyi 
40 chloride (10.20 grams) was then added to the mixer. 
The temperature and torque both increased signifies 
antiy and the mixer was runforanotiier 5 minutes. The 
resulting rubber composite was then removed from 
the mixture. 

45 

Example 5 

A one liter round bottom flask was charged witii 
252 grams of a 19% solution of polyisoprene in 

50 hexane. Terephthaloyi chloride (11.99 grams) was 
then added to the flask and the mixture was heated to 
35^C to dissolve the acid chloride. An aqueous solu- 
tion was then prepared from hydroquinone (6.175 
grams), sodium hydroxide (5.16 grams), and 30 ml of 

55 water. Tetrabuiylammonium sulfate (1.0 gram) was 
added to the aqueous solution as a phase transfer 
agent. The resulting aqueous solution was then 
added under nitrogen to the hexane solution. The 
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resulting mixture was then stirred for approximately 
two hours or until the polymerization was complete. 
The resulting suspension was then precipitated into 
an isopropanol/water solution, filtered and dried in a 
vacuum oven. 

Example 6 

This experiment was conducted using the same 
procedure as was specified in Example 5 except that 
0.27 g of ethoxylated sodium lauryl sulfate was added 
to the aqueous solution as a surfactant 

Example 7 

An elastomer cement consisting of 32.62 grams 
of SBR dissolved in 130.5 grams of hexane was 
charged into a one liter flask. TerephthaloyI chloride 
(1 1 .88 grams) was then added to the flask. The result- 
ing mixture was heated to 35''C to dissolve the acid 
chloride. An aqueous solution was then prepared from 
p-aminophenol (6.14 grams), sodium hydroxide (4.68 
grams), sodium lauryl sulfate (0.37 grams), and 50 ml 
of water. The aqueous solution was then added to the 
elastomer cement under nitrogen. The resulting mixt- 
ure was then stirred for approximately 30 minutes. 
The resulting suspension of the polyesteramide in the 
elastomer cement was then coagulated into an Isop- 
ropanol/water solution, filtered and dried in a vacuum 
oven to yield approximately 46 grams of composite 
material. 

Example 8 

An elastomer cement consisting of polyisoprene 
(1 19.6 grams) in hexane (545 grams) was placed into 
a two liter kettie. TerephthaloyI chloride (42.31 grams) 
was then dissolved into the cement An aqueous sol- 
ution consisting of hexamethylene diamine (24.22 
grams), sodium hydroxide (16.67 grams), ethoxylated 
sodium lauryl sulfate (1.0 grams), and 120 ml water 
was then added to the cement under nitrogen. The 
resulting mixture was vigorously stirred for ten 
minutes and then coagulated into an isopropanol/wa- 
ter solution, filtered and dried, resulting in approxini- 
ately 300 grams of composite material. 

Example 9 

An elastomer cement consisting of polyisoprene 
(91.79 grams) in hexane (418 grams) was charged 
into a two liter kettle. TerephthaloyI chloride (22.25 
grams) was then dissolved into the cement An 
aqueous solution consisting of b!sphenol-A (25.01 
grams), sodium hydroxide (9.2 grams), ethoxylated 
sodium lauryl sulfate (1.2 grams), and 100 ml water 
was then added to the cement witfi rapid stinrlng. The 
resulting suspension was tiien coagulated Into an iso- 



propanol/water solution, filtered and dried, resulting in 
130 grams of composite material. 

While certain representative embodiments and 
details have been shown for the purpose of illustrating 
5 the subject invention, it will be apparent to those skil- 
led in this art that various changes and modifications 
can be made therein without departing from the scope 
of the subject Invention. 

10 

Claims 

1. A process for preparing a high modulus rubber 
compositton which comprises : (1) polymerizing 

15 at least one diackl or diacid halide with at least 
one member selected fix)m the group consisting 
of diols and diamines in a polymer cement of a 
rubbery elastomer under conditions which result 
in the formation of a rubber cement having a 

20 polyester or polyamide dispersed therein ; and 

(2) recovering the high modulus rubber compo- 
sition firom the rubber cement 

2. A process for preparing a high nruxiuius rubber 
25 composition which comprises polymerizing at 

least one diacid halide with at least one member 
selected from the group consisting of diols and 
diamines within the matrbc of at least one dry rub- 
ber to produce said high modulus rubber compo- 
30 sition. 

3. A process for preparing a high modulus rubber 
composition by interfaclal polymerization which 
comprises: (1) preparing an aqueous phase 

35 which is comprised of (a) water and (b) a diol or 
a diamine ; (2) preparing an organic phase which 
is comprised of (a) a rubber cement and (b) a 
diacid halide ; (3) mixing the aqueous phase with 
the organic phase under conditions wherein agi- 

40 tation is provided and which are sufficient for 

polymerization to occur which results in the for- 
mation of a polyamide or polyester; and (4) 
recovering the high modulus rubber composition 
from the aqueous phase and organic phase. 

45 

4. A process for preparing a high modulus rubber 
compositk)n which comprises : (1) dispersing an 
aqueous phase which is comprised of (a) water 
and (b) a diol or a diamine throughout an organic 

50 phase which is comprised of (a) a rubber cement 
and (b) a diacki halide, at a temperature and 
under conditions which result In the formation of 
a polyamide or polyester ; and (2) recovering the 
high modulus rubber composition. 

55 

5. A process as specified in claim 1 wherein tiie diol 
or diamine is dissolved in a polar organic solvent 
witti the solution of the diol or diamine in the polar 
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organic solvent being subsequently added to the 
rubber cement 

6. A process as specified in claim 5 wfierein said 
diacid or diacid hallde is a diacid halide. s 

7. A process as specified in daim 1 which is conduc- 
ted at a temperature which is within the range of 
about 20''C to about 50°C. 

10 

8. A process as specified in daim 3 wherein the 
aqueous phase Is further comprised of a surfac- 
tant 

9. A process as specified In daim 8 wherein the is 
aqueous phase is further comprised of a water 
soluble base. 

1 0. A process as specified in daim 9 wherein the ratio 

of the organic phase to the aqueous phase is 20 
within the range of 30 : 70 to 70 : 30. 
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ABSTRACT : 

CHG DATE=19990617 STATUS=0> It is desirable to 
increase the modulus of rubbers utilized in a wide 
variety of applications. This invention discloses 
a technique for preparing high modulus rubber 
compositions. By utilizing this technique, high 
modulus can be attained without sacrificing other 
properties, such as processability . The subject 
invention more specifically relates to a process 
for preparing a high modulus rubber composition 
which comprises: (1) polymerizing at least one 
diacid or diacid halide with at least one member 
selected from the group consisting of diols and 
diamines in a polymer cement of a rubbery 
elastomer under conditions which result in the 
formation of a rubber cement having a polyester or 
a polyamide dispersed therein; and (2) recovering 
the high modulus rubber composition from the 
rubber cement. It is highly desirable to make the 
high modulus rubber composition by interfacial 
polymerization . 
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